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(54) [Title of Invention] : PROCESS FOR THE MANUFACTURE OF POWDER 

SLURRY COATING 

(57) Abstract 
[Problem] 

To provide a process capable of continuously manufacturing a 
smal 1 -part icle- s i ze powder slurry coating without using an organic 
solvent . 

[Means Used to Solve the Problem] 

The invention relates to a process for the manufacture of a powder 
slurry comprising: 

1) heating a resin melt (a) obtained by heating and fusing a mixture 

of a powder coating synthetic resin, a hardener and/or photo i n it iator, 
optionally with a coloring pigment, along with an aqueous medium (b) 
raised to a temperature near the softening temperature of said synthetic 
resin by heating, optionally, further pressuring; 

(2) emulsifying said resin melt (a) in the aqueous medium (b) by a 
mechanical means while the t temperature of trio mixture is kept near the 
rcfr-ening temperature of said synthet:i'-: reisiri; and 
1 ^ :mmec:atc:iy c-(i.a'nr:h i rq . 

[CI a i.Tts] 

[Claim 1] 

A process for t h e ma n u f a c t j rc of a pcwd e r s I u r ry ccmp r' i i ng : 
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(2) emulsifying said resin melt (a) in the aqueous medium (b) by a 
mechanical means while the temperature of the mixture is kept near the 
softening temperature of said synthetic resin; and 

(3) im.mediately quenching. 

[Claim 2] 

A process for the manufacture as set forth in Claim 1 wherein after 
quenching, a viscosity regulator is added to the resultant resin fine 
particulate aqueous dispersion. 

[Claim 31 

A process for the manufacture as set forth in Claim 1 or Claim 2 
wherein said powder coating synthetic resin includes at least one type 
selected from group consisting of acrylic resins, epoxy resins, and 
polyester resins. 

[Claim 4] 

A process for the manufacture as set forth in Claim 1 or Claim 2 
wherein said powder coating synthetic resin comprises an unsaturated 
polyester resin and a urethane [poly] acrylate , and/or a urethanized 
[poly] vinyl ether. 

[Claim 5] 

A process for the manufacture as set forth in any one of the Claims 
1--4, further comprising using, as a mechanical means for emuis i f i cat ion , 
a h igh - speed - revo 1 ut i on type continue us emulsifier --apparatus having a 
ring stator with slits and a ring rotor with slits mounted coaxially in 
such a way as to cause said stator to mutually enmesh with said rotor 
with r^ma : I gaps therebetween. 

A \: V':-r^rr> f c r t ho mrsnuf arture as pet f c^rt'n in Cairn S , compr i s • nq 
feeding a mixture of a resin melt obtained by heating and melting a 
mixture of a powder coating synthetic resin, hardener and/or 
phor o i r. i t i a t o r , c p t : ona 1 1 y with a colorant p : gmen t w i t h an aqueou s med i um 
to said high speed -• rot at lor: type c:c;nt i nuoui; t-mu ! s : f i r apparatus; and 
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thereby subjecting the mixture to a shear force when it passes 
through the slits of the aforementioned stator and the slits of the 
rotor; and 

at the same time subjecting sard mixture to a shear stress while 
said mixture is passed through the gaps between said stator and the 
rotor; whereby the resin melt is emulsified in the aqueous medium. 

[Detailed Explanation of the Invention] 

[0001] 

[Technical Field of the Present Invention] 

The present invention relates to a process for the manufacture of a 
powder slurry coating (containing a UV curable powder slurry coating, 
hereafter) which is used in technical fields such as coating and the 
like. 

[0002] 

[Prior Art] 

For processes for manufacturing powder coating or the like, there 
ha'/e heretofore been wet processes and dry processes . The wet process in 
practice calls for preparing a coating using essentially the same method 
used in the conventional sol vent -based coatings and distilling off 
solvent, followed by pulverizing or injecting and dispersing a solution 
of resin into a ]arge amount of a non solvent, filtering, drying, or else 
spraying the coating into heated air, thereby removing the solvent and 
the like. However, the process has many technical problems and is more 
costl'' compared to the current dry process, hence the wet method is not 
used in practice. 

[0003 j 

: ' ^ : 'icj n -/a^-'etv of" -"aw "na^erials, and then ccoMnc, pu 1 ve^ r i z i ng , aric 
classifying. The process for an organic solvent free coating is 
anticipated to make much progress in the future. 
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[0005] 

2) The smaller the size, the greater the increase in the 
pulverization energy necessary per unit powder weight, resulting in 
higher cost. A recent trend in powder coating dictates improved surface 
smoothness and gloss which requires the average particle size of the 
powder coating to be even smaller to the extent that the emergence of a 
super fine particle coating of 10|.i or less is expected in the near 
future, However, the powder coating prepared by a conventional 
pulverization process technology will make the manufacture very 
difficult, and even if possible, the cost would be higher. 

[0006] 

3) Among powder coatings are the UV curable powder coatings, 
which have a softening temperature of 60 lOO^'C, which is lower than that 
of the conventional powder coatings. Accordingly, the pulverization 
process for the manufacture of a UV curable powder coating must 
necessarily involve a treatment which will not cause the powder to fuse 
together . 

[00071 

It is very difficult to overcome the above problem by the 
conventional wet or dry processes. The powder slurry coating of this 
invention can however, be manufactured by emulsifying t .e ty^e of powder 
coating obtained above, in an aqueous medium. 

[0008] 

[Problems to be Solved by the Invention] 

: t: is an cbjecr of" thi-; invent- ion r.o fundament a 1 1 / improve the 
r)rior pr, oce^jses , thereby tc propose a manuractur i nq p!ocess for a powde^r 
1 ;"r y c-:-.\: : r^'-j ; n-/ot r':;mef: ; i acGcr i at ed prob 1 em:.; . 

[0009] 

Specifically, the present invention provides a process for the 
manufacture of a powder slurry coafing, which does not need the 
pa 1 ver i za t i ori ste^.p a^: does the c: t y pr"cces:i. 
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The present invention provides a simple and high productivity 
continuous manufacturing process which can easily manufacture the powder 
coating with 10f.i or less, super-fine particles. 

The present invention provides a manufacturing process which makes 
it easy to manufacture a di f f i cul t - to-pul ver i ze low softening temperature 
UV curable powder coating, which eliminates the pulverization step. 

[0011] 

The invention provides a process which makes it unnecessary to have 
an installation such as a powder coating line, providing a manufacturing 
process that can be introduced to an existing aqueous coating line with 
an essentially no modification. 

[0012] 

[Means Used to Solve the Problem] 

The present inventors have extensively repeated trial and error 
studies to determine whether or not it was possible to produce a powder 
coating with the advantages of both the dry process and the wet process 
that does not use any organic solvent at all and produces the spherical 
fine particulate powder coating as does the wet process, and as a 
result, they have discovered that the task can be achieved by way of 
mechanical emulsif ication in a continuous emulsifier apparatus and have 
arrived at the present invention. 

[0013] 

The present invention is a process for the manufacture of a powder 
slurry comprising: {!) heating a resin melt (a) obtained by heating and 
fusing a mixture of a powder coating synthetic resin, a hardener and/or 
phot Din i t i.ar or , optionally, with a coloring pigment, along with an 
acuoous medium (b) raised to a temperature near" the softening tc^mpe r a cure 
of ^i.i\6 syn!::ietic r-es in by heating, opiionally, further pressuLing; 

?. ' emulsifying : d renin melt 'a! in the aqueous medium 'b) by a 
mechanical means while tlie temperature of the mixture is kept near the 
softening temperature of said synthetic resm; and ( 3 ) immed i ate ly 
quenching; wherein preferably the powder coating synthetic resin includes 
at It^ast one type selected from group consisting of acrylic resins, epoxy 
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Furthermore, it is a process for the manufacture of a powder 
slurry using, as a mechanical means for emu i s i f i cat ion , a high speed 
rotation type continuous emuLsifier apparatus having a ring stator with 
slits and a ring rotor with slits mounted coaxial ly in such a way to 
cause said stator to mutually enmesh with said rotor with small gaps 
therebetween; in addition, it is a process for the manufacture of a 
powder slurry comprising feeding a mixture of a resin melt obtained by 
heating and melting a mixture of a powder coating synthetic resin, 
hardener and/or photoini t iator , optionally with a colorant pigment with 
an aqueous medium to said high speed rotation type continuous emulsifier 
apparatus; and passing said mixture through said slits and gaps by high 
speed rotation of said rotor so as to move the mixture away from the 
inner center of the rotor in a centrifugal direction; thereby subjecting 
it to a shear force when it passes through the silts of the 
aforementioned stator and the slits of the rotor; and at the same time 
subjecting said mixture to a shear stress while said mixture passes 
through the gaps between said stator and the rotor; whereby the resin 
melt is emulsified in the aqueous medium. 
[0015] 

[Em.bodiment for Carrying Out the Invention] 

The present invention is a powder slurry coating manufacturing 
process {hereafter aqueous emulsif ication process) obtained by 
mechanically emulsifying resin fine particles without using any solvent 

in an aqueous medium, thereby generating a powder slurry coating 
comprised of the resultant aqueous dispersion, and it entails three 
steps . 

[0016] 

The first step of this invention is explained. It is a step of 
healing a resin me i t (a) obtained by heating and fusing a mixturv of a 

pc-,vc:e: cc:>at : r:a :rynt:he^; i c r'cc:'.:\, a :iar:uvie-r a::d/or phot c ^ n : t i a : o: , 
optional ly, wirh a crol.oring piqmenr. , a^ong with an aqueous rr^-edium ib) 
raised to a temperature near the softening temperature of said synthetic 
resin by heati.ng, optionally, further pressuring. 

; OCT 7 J 

A n '/ 5 r /r t' h e i r renin for d o wri or coat: i r. ci ma v be used " n t h i 5, step a 53 
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of an unsaturated polyester resin witn a urethane acryiate or a 
urethanized vinyl ether is suitable as a UV curable type powder coating 
resin, but acrylic resins, polyester resins, epoxy resins, and the Like, 
are suitable as ordinary powder coating resins. 

[0018] 

Any hardeners and photoinitiators may be used as long as they are 
suitable for powder coatings. The hardeners include, for example, 
polycarboxyl i c acids (dodecane dicarboxylic acid, trimellitic acid, and 
the like, amino resins, blocked po Ly i socyanates , poly epoxides, polyols, 
and the like. The photoinitiators include, for example, acetophenone , 
benzophenone , Michler's ketone, benzyl, benzoin, benzoin butyl ether, 
benzyl dimethyl ketal ( I rgacure-651 ) , 1-hydroxy cyclohexyi phenyl ketone 
(Irgacurc 1S4) , 1 -hydroxy - 2 dirrictliy 1- 1 -pheiiy 1 pLupdnt:-- 1 -out;, 1- {4 
isopropyl phenyl) - 2 -hydroxy ■ 2 -methyl propane - 1 -one , 

azobi s i sobutyronitri le , benzoyl peroxide, di -tert -butyl peroxide, and the 
like. 

[0019] 

The hardener and photoinitiatcr may be used by themselves or in 
combination of both, depending upon the synthetic resin types. The 
synthetic resin may be optionally compounded, with a hardener and 

photoinitiators, optionally, with coloring pigments. The coloring 
pigments are organic pigments, inorganic pigments, and the like. The 
organic pigments include, for example, azo pigments, phthalocyanine 
pigments, condensed polycyclic pigments, nitroso pigments, and the like; 
the inorganic pigm.ents include, Eor example, oxide pigments, 
phthalocyanine derived "ompounds , chromate salt pigments, carbon type 
pigments, mica pigments, metal powder pigments, and the like. 

[ c : ■ 

■:..iese pigments may bit t'^izhtM l:^^ c;!ptLonalLy cottpounaed wit.i 
aaajtives sucn as fillers, anti corrosion agents, LFV stabilizers, UV 
absorbers, flow regulators, anti -c raw I i ng agents and the like. These raw 
materials are milled together, heated, and fused to generate a resin 
melt. Known m»ethods are used for producing these resin melts. 
Specifically, if a hardener is not incorporated, the synthetic resin, 
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optionally a photcini t iator , coloring pigment, and additive are dry 
blended in a mixer, then sent to a screw mixer, heated, melted, and 
milled in an extruder; the milled product is directly transported to the 
rotary type continuous emulsifier apparatus described below. 

[0021] 

The aqueous medium used in this invention is now explained. In 
general, aqueous media are basically water to which optionally, a 
dispersing agent and a surfactant may be added for producing an aqueous 
stable resin melt dispersioi:. There is no particular liniltatioii as to 
the dispersing agent, which includes, for example, aqueous soluble 
polymer dispersion stabilizers such as polyvinyl alcohol and hydroxy 
ethyi cellulose, which are frequently used in suspension polymerization 
of styrene or the LiKe, or sparingly water soluble inorganic dispersion 
stabilizers such as calcium phosphate and the like. Any suitable one 
from among these may be used. There is no particular limitation as to 
the type of surfactant which, for example, includes 2 , 6 , 8 ~ trimethy 1 - 4 - 
nonyloxy polyethylene oxyethanol and the like. 

[0022] 

The ratio of the aqueous medium to the synthetic resin must be in 
an amount sufficient for prcducing an aqueous emulsion. The solvent free 
aqueous emul sif ication process in this invention features heating the 
synthetic resin melt and the aqueous medium to a temperature near the 
softening temperature or the resin. The temper.^ture rear the softening 
temperature is not particularly limited, but it: should be within ^ 30''C 
for retention of the synthetic resin in the' molten state. 

fC023l 

The above aqueous medium -s one at a high tomptM-.K: u re reached by 
h':ati.nc <iV atmospht-ric or cf.: t Lor:a 1 1 y a higher r.r-M-::u:e. A heal exrhanger 
f:;r hear . no or the 1 ike, i ue;ed to heat un c a t en^C'e ra t a ""c near the 
sc^ftening temperature of the synthetic resin fc^r m.elt mg the powder 
cc'ating synthetic resin. Fc r this purpose, the aqueous medium may be 
pressurized, depending upon the softening temperature of the synthetic 
resin used so as to b r i ng i t t o a s u i t a b I e t emp e r a t u r e with the 

c ■ t" "i f f 1 p V- n ' - 1 ; >" " " "i " r" " ^ c > r- *-- i^^y i ^ p *- .rj P V T "" 1 r a h ' ~> ' 4 t 
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softening temperature is 100°C or above, pressurizat ion must be used to 
prevent the aqueous medium from boiling. 

[0024] 

Next the second step of this invention is explained. The second 
step is the mechanical emulsif ication of the resin melt in the aqueous 
medium while the mixture of the resin melt and the high temperature 
aqueous medium obtained in the above first step for the resin are 
maintained at a temperature near the softening temperature of the 
synthet ic res in . 

[0025] 

There is no particular limitation as to the device used for 
mechanically emulsifying the resin melt in the aqueous medium while the 
temperature is maintained near the softening temperature of the synthetic 
resin, but it is preferred to use a high speed rotary type continuous 
emulsif ier apparatus having a ring stator with slits and a ring rotor 
with slits mounted coaxially in such a way to cause said stator to 
mutually enmesh with said rotor with small gaps therebetween 

[0026] 

The high speed rotary continuous emulsif ier apparatus of this 
invention is a device so structured that the resin melt and the aqueous 
medium can be continuously pressure fed under high pressure and high 
temperature at 100°C or higher, and rapidly and uniformly mixed to 

emulsify under the high pressure and high temperature at a temperature 
near the softening temperature of the synthetic resin, but below the 
decomposition temperature of the synthetic resin, thereby continuously 
enabling a dir> charge. 

[OG?.--] 

TJ-^e high recced rr.t .\r-.' type rontin^^cus emu'nif'er app.T-a^uf: ::y 
virtue of the rotors rotating at a high speed can emulsify th.e synthetic 
resin melt in the aqueous medium. In order to maintain the synthetic 
resm at a constant melt state, the temperature of the mixture must be 
maintained at a t empe^ rati, re near the scf'tcning temperature of tr.e 
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the resin molecular weight and the like, but it is preferably set at 
SO^C 220°C. 

[0028] 

The temperature within the high speed rotary type continuous 
emulsifier apparatus is maintained at a constant value by virtue of a 
balance struck between the temperatures of the fed resin melt and aqueous 
medium, the Jacket temperature holding effect, and the shear forces 
within the emulsifier apparatus. 

[0029] 

The pressure of the high speed rotary type continuous emulsifier 
apparatus will depend upon the vapor pressure of the aqueous medium at 
the emulsifier apparatus temperature and the discharge pressure due to 
the pumping function of tlie rotor. Normally, it is preferred to use a 
process calling for an automatic pressure regulating valve installed 
after the step of cooling tlie aqueous dispersion of the fine resin 
particles, thereby maintaining the internal pressure constant and 
continuously discharging the aqueous dispersion at atmospheric pressure. 

[0030] 

In the high speed rotary type continuous emulsifier apparatus, the 
mixture of the resin melt and the high temperature aqueous medium is fed 
to the high speed rotary type continuous emulsifier apparatus and passed 
through the slits and gaps by high speed rotation of said rotor moving 
the mixture away from the inner center of the rotor in a centrifugal 
direction, subjecting it to a shear force when it is passed through the 
slits of the stator and the slits of the rotor; and at the same time 
suojecrting it. Lo a ohear stress when the mixture is passed through the 
gaps between said stator and the rotor, thereby undergoing a micro 
c: : r^pe rs ; -^r: . Tne i:>la*^cr ar:d rc;tor 1 i r s ri i e su(::i that: e:f::t;r' the stater 
r.]- rot " r r: i ::3 c r" t^r.^th may be replaced by nc^czles which cm prov.dc a 
similar effect. 

[0031] 

The high speei rotary type cent ; nt;ouG emulsifier- apparatus;, which 
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protrusions 3 in a concentric ring manner, in single, double, or higher 
multiple steps. The gaps between the protrusions have circumferential 
grooves 4 so as to generate a plurality of slits 5. These slits are 
0.6mm 3,0mm wide; 12 72 slits are provided on each ring protrusion in a 
comb- tooth like manner. In order to reduce the particle size of the 
liquid fed, it is preferred for the width of the slits to diminish 
towards the outer circumference of the rotor and stator. 

[0032] 

In the center of the other interior wall within the high speed 
rotary continuous emulsifier apparatus is mounted a drive shaft 6, which 
is connected to a drive capable of high speed rotation. The rotors 7 in 
the high speed rotary type continuous emulsifier apparatus located at the 
tip of the drive are secured parallel to the stator and coaxial ly along 
the same center shaft. The counter face of the rotor, which faces the 
stator, is provided with a single, double, or multiple step of 
protrusions, 8, in a concentrically annular manner with respect to the 
rotor. Each rotor protrusion, as in the stator, has a circumferential 
groove, 9, in the gap between the protrusions themselves, thereby, 
producing a plurality of slits, 10, on each protrusion. 

[0033 1 

The stator 1 and the rotor 7 are placed in service with the 
protrusions 3 and circumferential grooves 4 of each stator held in an 
enmeshed state of insertion with a small gap between the protrusion 8 and 
circumferential groove 10 of the rotor. 

[0034] 

The mixture of the resin melt and high temperature, hi::gh pressure 
a q u e o u s me d i u:r. i s fed t h r o u g h t : : e g a p e r a t e d b y t ri i s e nme s h : ng in t n c 

nigh spcori rotary type continue);.:; emu Ifii tier cicpar-atus uj;e(l :n thic 
invention i^.o that saia mixture is causeci to flow away from tne inner- 
center of the rotor in a centrifjgal direction anc is subjected to a 
shear force by the high speed rotation of the rotor and to a shear stress 
while said mixture passes through the gap between said stator and the 
rotor whcrt^by line renin m.eit is emu is: tied in the ac:uecn:r, medium-. 
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rotation, the innermost rotor protrusion slits and is expelled from the 
outer circumference of said rotor protrusion by a centrifugal force to be 
pushed against the innermost stator protrusion, entering that stator's 
protrusion slit. The liquid mixture entering the slit is pushed by the 
mixture entering the innermost rotor slit by a centrifugal force to be 
pushed to the circumferential groove of the second rotor. The mixture is 
then subjected to a shear force by the innermost stator protrusion and 
the second rotor protrusion, at the same time, and to a shear stress as 
the mixture passes through the gap between the stator and rotor. When 
the liquid mixture becomes confluent, a shear stress is further applied 
thereto, and the mixture is pushed by the mixed liquid behind it entering 
the second stator protrusion slit, so that it will be repeatedly 
subjected to the same situation as above, so the mixture is sequentially 
caused to move in a centrifugal direction, Lheieby completing a micro- 
dispers ion . 

[0036] 

The relationship between the flow of the mixture and the shear 
force and shear stress is as given in Figure 4. The number of 
revolutions of the rotor in the high speed rotary continuous emulsifier 
apparatus is controlled by the drive motor connected to the drive shaft. 
The greater the number of revolutions and the higher the circumferential 
speed, the greater the shear stress, the smaller the synthetic resin 
particle size will become. The preferred speed cf revolution is 3,000 
10,000rpm for a rotor with a 10cm diameter for the product icn of a powder 
coating having an average particle size not more than lOu. 

[0037] 

An example of a device on the market as a high speed rotary type 

cont. inuous emulsif'-ier appciralL^s t;f this i avert ;cn ircludes a "i:a v : ror; " 

'manufactu: t:-;] h^■ ':'u rr.i h KK' . T:;e th:'d stieo r-r t his ! rv.'C r:t : ■ ;n ; 
exp i a i nt?d be i ow . 

[0038] 

The aqueous resin fine particle dispersion collected from the exit 
of the above high speed rotary continuous emulsifier apparatus, before 
the resin particles them.se Ives have been [ ' allowed to ro ■ 1 ; rie^ v,- : * h ^-i'-^^ 
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[0039] 

The device used for quenching may be a heat exchanger of the type 
on the market so as to cool by heat exchanging with chilled water. The 
cooling rate, which is not particularly liiriited should preferably be at 
least 10"C sec so as not to generate any coagulant. 

[0040] 

After the synthetic resin has been cooled to near its glass 
transition temperature, the pressure is reverted back to atmospheric by a 
pressure regulating valve to give a fine particulate resin slurry. This 
slurry may be directly used as a powder slurry coating but may be 
optionally mixed with a viscosity regulator. Addition of a viscosity 
regulator will give a suitable rheology for spray coating, thereby 
holding the floating fine resin particles [in suspension]. The viscosity 
regulators include, for example, an acrylic resin, specifically 
Primaru [trans literated] Ase 60 (manufactured by Nippon Acryl Kagaku Co.). 

[0041] 

An example of a flow sheet from the above first step to the third 
step is explained with Figure 5. A resin melt is fed from a tank 12 
containing a resin melt manufactured by the above method via a resin pump 
13 to a high speed rotary type continuous emulsifier apparatus 11 and at 
the same time a high temperature aqueous medium is obtained from an 
aqueous medium tank 14, which holds the aqueous m.edium at tem.perature via 
a heater heat -exchanger 15, thereby generating a high temperature aqueous 
medium, which is then fed to the high speed rotary type continuous 
emulsifier apparatus 11 via pump 16. The resin melt and the high 
temperature aqueous medium are emulsified in the emulsifier apparatus 11, 
producing an aqueous resin melt dispersion. The aqueous dispersion is 
pasGC'i t:irough a cooling hear. ex::r.anc'or 17 to be irooled to an aqueous 
: ei: i n fi i f?pe rs i on . I'he presnu/e of the cnt : !*e flew p^ocer:::: i rcq..'M{:d 
by a pressure regulator valve 18. 

[0C42] 

The powdery slurry coating manufacturing process of this invention 

can be carried out continuously, involving the soricr. of steps f rc:im the 

res \ n '^e ! *~ ci'^d h inh t" emne ^'"^^ u re n^'i~"rup miod i irr '.' ' i h ■ -j'^t r'r'*~'^ ~i t ''^ 



JPTl -80371/9SA 



As described above, the present invention cails for a solvent -free 
emulsif icat: ion of a mixture of the resin melt and a high temperature, 
high pressure aqueous medium by generating a high shear force, shear 
stress, and a high frequency pressure level variation, via a high speed 
rotary emulsifier apparatus, thereby making use of the powerful stirring 
and pulverization effect. 

[0044] 

It is essentially unnecessary to wash the synthetic resin 
particles, although tlie leaching of aqueous soluble components is not 
completely zero, but a simple filtration is sufficient. In this respect, 
the present invention is advantageous for its simple steps and for the 
continuous operation of the entire series of steps. 

[0045] 

The controlling factors for the average particle size of the resin 
fine particles generated are the speed of revolution of the rotors in the 
emulsifier apparatus, and temperature of the synthetic resin and aqueous 
medium. Increasing either the speed or the temperature [ these controlled 
factors] will increase the aqueous dispersion capability of the synthetic 
resin, thereby reducing the size of the fine synthetic resin particles, 

[0046] 

The fine particulate resin particle slur:"y is then dewatered, 
dried, and classified as in the dry process so as to have tlie desired 
particle size distribution, thereby generating a powder coating of fine 
resin particles with specific particle sizes. By further connecting the 
cooling heat exchanger to a washing, dewatering device, a dryer, and a 
classifier, one can cont i nucus 1 y carry out a series of steps from the 
res in me 1 r <i nd a h i g h t empe ra r u r e a q uc ou s medium v* i a a h \ g h s pe eci r o r c\ ry 
type ct):i:. i rK.ous emulsifier" apparatus down lo diyi.ng and i a:^ r : f i cm 1 ion. 
Ocviousiy, it IS possible tc use a cont i nuc^us procer.n dcwn t^-^ ine 
quenching step and the powder slurry thus obtained may tnen be subjected 
to the water washing of the resin in a tank, followed by dewatering and 
drying. For the classificaticn step, one may combine it with a wet type 
classifier process u s i nq a we t eye i one . 
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Examples of this invention are given below, but the invention is 
not limited by these examples. Tn these examples, parts, percentages are 
all based on weight. 

[0048] 
[Example 1] 

< Preparation of UV Curable Powder Slurry Coating > 

Manufacture of urethane acrylate used for UV curable powder 
slurries . 

The following composition was used: 



The mixture was heated to 65°C, followed by dropwise addition of 
32.4 parts of hydroxy propyl acrylate and then stirring the mixture until 
the NCO content dropped to 13% or less. The stirring revolution speed 
was increased while the contentrs were gradually heated to 120°C. During 
this time, 9 parts of glycerine was added dropwise in 1 hour. The resin 
melt was removed and cooled and pulverized to give a white powder having 
a softening temperature (ring ball method) of 75°C and a melt viscosity 
(ICI cone plate viscometer) of 76 d?as at 150°C. 

[0050] 

Preparation of UV Curable Powder Slurry Coating 

A mixture of 100 parts by weight of the above urethane acrylate, 

2 ^ parts of Po!y;:te [ t rans 1 i tc r"at cd ^ P39bS (unsaturated poivester 
r-c .r., ma nuf a('*" red r-/ ^ai:\\pco:i :::k Kaciak;: Krc'/n KK] , 11 p:\r^:: of 
ciiaccrorif' ac: rr- ! .im i ae , IS parts o: iruticur. e 6^1 (ocnriyL aimtrthy! keta 1 , 
ir.ar.a f ac: t u red oy Ciba Geigv; ana 11 parts oi cVK 36 1 ^acryiic r"esin made 
by BYK ChemJ e Company) was charged in a mill melter tank illustrated in 
Figure 5, followed by heating to llO^'C and feeding to a Cavitron CDlOlO 
at a ra*e of 10 3q/min. 



[0049] 



Isophorone Diisocyante 

Dlbutyi Tin uilaurate 

3 , 5 -di - t -butyl 4 hydroxy toluene 



58.2 parts 



0 . 1 part 



0.3 parts 
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operated at a rotor revolution speed of 8,000rpm under a pressure of 
2kg/cm^ and the manufactured slurry was chilled within 10 seconds from 
110°C to 65°C as it was [and] discharged. 

[0052] 

The slurry was mixed with 1% by weight of Primaru [transliterated] 
ASE-60 (an acid containing cross Unliable acrylic emulsion, viscosity 
regulator: manufactured by Nippon Acryl KK) for increasing the spray 
coatability. The coagulant in the resultant slurry was pulverized by a 
homogenizer to give a uniform product and filtered through a 400 mesh 
screen (37|i) to give a UV curable powder slurry having nearly spherical 
shaped particles with an average particle size of 10\.i. 

[0053] 

Coated Film from the UV Curable Powder Coating 

The slurry coating was spray coated onto cold rolled steel panel to 
about Imil thicJcness. The film was then heated for 15 minutes to 100°C 
to evaporate the water and melt the resin which was then irradiated with 
a UV lamp {120w/cm, lOm/min, 7pss, 840mj/cm^'), to give a clear, hard, 
scratch resistant coated film. 

[0054] 

[Example 2] 

<Preparation of Powder Slurry Coatinc> 

84% of "Finedeck" [transliterated] A -2075 (acrylic resin: 
manufactured by Dainippon Inc Kagaku Kogyo) , 16% by weight of a dodecane 
dicarboxylic acid (hardener), and 0.5% of Akuronarl [transliterated] 4F 
(flow regulator: manufactured by BASF Company) were premixed and fed to 
t.he screw mixer 1 2 of Figure 5. The screw m i xer then fed t ne tr i xtu re t o 
the extruder" 13 oT Fiqure ^, v;h : ci: wd/^ u:;eri tr. me i *. and heat tnr> mix*:.: re 
to 1 0:rc to be fed to a C:r/ i t ror: C2 : o: 0 at the ra • c of lOOg pe :~ minute . 
L;eLv;n:aed Adter containing 0 . l ■<> of PVA in the aqueous medLum tank of 
Figure 5 was heated by a heat exchanger to 100 ^C and fed to tne Cavi.tron 
at the rate of ll/min. The unit was operated at the rotor revolution 
speed of S.OOOrpm. under a pressure of kg/om ; t:ie m<inuf act ured slurry 
was cooled from lOOT (^r-T wi"-h:n "^0 r'^^^^ndr a- /■.r'^-d' - • ^---^ ^ ^ • 



JPII 80371/99A 



The mixture was mixed with 1% by weight of Primaru ASK 60 to improve 
the spray coatability, then the coagulated product was puiverized by a 
homogenizer, followed by filtering through a 4 00 mesh screen (37f.i} to 
give a powder slurry coating with a nearly spherical particle with an 
average particle size of 2li and a ["maximum particle size"] [missing in 
the text] of not more than 10|i. 

[0056] 

The slurry coating was spray coated about 1ml thick onto cleaned 
cold rolled steel [coat pressed] panel and the panel was pre baked for 15 
minutes at lOCC and then baked 20 minutes at 150°C to give a clear, hard, 
and smooth coated film. 

[0057] 

[Advantageous Effect of the Invention] 

The present invention permits production of a small particle size 
powder slurry coating without using any organic solvents by an extremely 
easy and high productivity continuous manufacturing process. 

[0058] 

The synthetic resin particle manufacturing process of this 
invention can economically produce a powdered product even from a resin 
which could not have been made into a powder product by the conventional 
means of pulverization. 

[Brief Description of the Drawings! 

[Figure 1] 

A p G r ■ s p o c r. l e v 1 1 ^ w o f i. he s t. a t: o r a n ci o t o r " in the r c:> i a r y t y p c 
cent ; nuous emu i i f i er apr.n rat ur. uc-ed : n thin i ^^-/ent i or. . 

A drawing showing the cross - sect ion of the essential parts of the 
rotary continuous emulsifier apparatus of this invention. 



[rigure 3] 
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[Figure 4] 

A drawing which shows the force applied to the fluid flowing 
through the space between the stator and the rotor as the rotor of the 
rotary continuous emulsifier apparatus used In this invention rotates. 

[Figure 5] 

A view illustrating the process for the manufacture of such powder 
slurry coating of this invention. 
[Explanation of Symbols] 



1 


Stator 


2 


Liquid Inlet 


3 


Stator Protrusion 


4 


Stator Circumferential Groove 


IT 


?rotru5iuut3 SllL 


6 


Drive Shaft 


7 


Rotor 


8 


Rotor Protrusion 


9 


Rotor Circumferential Groove 


10 


Protrusion Slits 


11 


Rotary Type Continuous Emulsifier Apparatus 


12 


Resin Melt Tank or Screw Mixer 


13 


Resin Pump or Extruder 


14 


Aqueous Medium Tank 


15 


Heating Heat Exchanger 


16 


Aqueous Medium Pump 


17 


Cooling Heat Exchanger 


18 


Pressure Regulator Valve 
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